Aeruginosin-865 was isolated from cultivated soil cyanobacteria using a combination of centrifugal partition chromatography (CPC) and gel permeation chromatography. The solubility of Aer-865 in different solvents was evaluated using the conductor-like screening model for real solvents (COSMO-RS). The CPC separation was performed in descending mode with a biphasic solvent system composed of water-n-BuOH-acetic acid (5:4:1, v/v/v). The upper phase was used as a stationary phase, whereas the lower phase was employed as a mobile phase at a flow rate of 10 mL/min. The revolution speed and temperature of the separation column were 1700 rpm and 25°C, respectively. Preparative CPC separation followed by gel permeation chromatography was performed on 50 mg of crude extract yielding Aer-865 (3.5 mg), with a purity over 95% as determined by HPLC. The chemical identity of the isolated compound was confirmed by comparing its spectroscopic data (UV, HRESI-MS, HRESI-MS/MS) with those of an authentic standard and data available in the literature.
Cyanobacteria (also known as blue-green algae) are Gram-negative bacteria and are the only group of prokaryotes that are able to perform oxygenic photosynthesis similar to plants. This unique class of microorganisms is a rich source of a vast array of bioactive molecules showing a broad spectrum of biological activities [1] .
Our group recently reported the isolation of Aeruginosin-865 (Aer-865, Figure 1 ), a novel aeruginosin-type peptide, from the terrestrial cyanobacterium Nostoc sp. Lukešová 30/93 [2] . In the same investigation, it was shown that Aer-865 exhibits a potent antiinflammatory activity. Currently, there is a need to develop new and effective non-steroidal anti-inflammatory drugs (NSAIDs) to minimize the safety and tolerability concerns associated with currently available NSAIDs [3] . In this perspective, Aer-865 merits closer investigation in order to gain a complete understanding of its pharmacological potential. So far, Aer-865 has only been obtained from the biomass of the cyanobacteium Nostoc sp. by using conventional separation methods, including solid phase extraction and two HPLC steps [2] . This multi-step procedure involves time and solvent consuming operations and a risk of a loss of compound due to the highly adsorptive effects of the solid matrices. Although peptides can be chemically synthesized, this is an expensive operation, requires use of a large amount of organic solvents and generates toxic waste [4] . Therefore, the development of an efficient method for the separation of Aer-865 from natural sources is warranted in order to facilitate in vitro and in vivo studies.
Centrifugal Partition Chromatography (CPC) is a liquid-liquid partition chromatographic technique, which uses a liquid stationary phase without solid support. The method produces high sample recoveries and permits the direct introduction of crude extracts into the column without additional sample preparation [5] . This technique has been successfully applied to the separation of a number of natural products from higher plants and cyanobacteria [6] [7] . In this paper, we report an efficient CPC method for the separation of Aer-865 from the extract of the soil cyanobacterium Nostoc sp. The obtained crude extract was first analyzed by HPLC-DAD-HRESI-MS to confirm the presence of Aer-865. The results showed a protonated [M+H] + molecule at m/z 865 and its HRESI-MS/MS revealed three fragment ions at m/z 689, 571 and 395, which were consistent with those of the spectral data of Aer-865 [2] . Aer-865 was observed to be a poorly UV-absorbing compound. All together, these data confirmed the presence of Aer-865 in the crude extract and paved the way for its separation by CPC. Generally, in order to achieve an efficient CPC separation, the solvent systems need to satisfy the following requirements: (i) the partition coefficient (K) of the target compounds should ideally lie within the range 0.5 ≤ K ≤ 2.5, and (ii) the settling time of the solvent system should ideally be shorter than 30 s [5, 8] . K values lower than 0.4 lead to poor resolution, while K values higher than 2.5 give better resolution, but broader peaks (i.e. diluted products), long separation times and high solvent consumption [5] . The higher the retention of the stationary phase in the CPC column, the better is NPC Natural Product Communications 2015 Vol. 10 No. 10 1719 -1722 the peak resolution [5] . The amount of stationary phase retained in the column is highly correlated with the settling time of the two phases in a test tube after their vigorous mixing [8] . The shorter the settling time, the higher is the retention of the stationary phase.
In CPC, the searching process for a suitable solvent system is mostly performed by using experimental screening of pre-defined biphasic solvent systems, which are organized in tables according to the system's overall polarity [9] . One of these pre-defined solvent systems is the 24 biphasic solvent systems proposed by Oka [10] , composed of n-hexane, ethyl acetate, n-butanol, methanol, water, acetic acid and chloroform in varying proportions. These systems cover a wide range of polarity and have suitable settling times. The choice of a suitable solvent system may be preliminarily guided by the solubility of the target compound, which can minimize the experimental effort needed in the screening. However, the lack of Aer-865 standard precluded making solubility experiments. In the present study, the solvent capacity (Cᵢ), calculated by the conductorlike screening model for real solvents (COSMO-RS) [11] , was used as a qualitative measure of the solubility of Aer-865 in the individual solvents of the 24 biphasic systems proposed by Oka.
In Figure 2 , the solvent capacity (Cᵢ) is presented as relative values that are normalized with respect to the C value of acetic acid, which was found to be the best solvent for Aer-865. The order of the solvents in a scale from lowest to highest capacity (i.e solubility) is: n-hexane < chloroform << water ≈ ethyl acetate < n-butanol < methanol < acetic acid. Therefore, only those biphasic systems of the Oka approach composed of acetic acid, methanol, n-butanol, ethyl acetate and water were subjected to screening for a suitable partition coefficient (K) of Aer-865 and an appropriate settling time. As shown in Table 1 , systems 4-8 provided acceptable K values and short settling times. However, systems 4-7 needed centrifugation to form clear layers with a clear interface as they formed emulsions after the addition of the extract. Given that the settling time, as reported in Table 1 , is a parameter that overlooks the influence of samples on the physical properties of the biphasic solvent systems, it was also measured in the presence of the target extract. Systems 4-7, in the presence of extracts, exhibited settling times higher than 30 minutes due to the formation of emulsions, which would not allow the phases to mix and separate suitably under the conditions presented by the CPC instrument. Thus, system 8 was used for the CPC separation of Aer-865. Fifty mg of crude extract was subjected to CPC separation. Aer-865 was identified in the CPC fraction eluted at a retention time (Rt) between 35 and 38 min (Figure 3 ). The retention of the stationary phase (Sf), both after the hydrodynamic equilibrium is established and at the end of the CPC separation run, was 36% and 20%, respectively. The target fraction (4 mg) obtained by CPC ( Figure  4b ) was subjected to gel permeation chromatography (GPC) on Sephadex LH-20 to improve further its purity. The resulting Aer-865 fraction obtained by GPC was shown as a single peak ( Figure  4c ) that exhibited HRESI-MS (molecular ion at m/z 865 [M+H] + ) and HRESI-MS/MS (fragment ions at m/z 689.4, 571.2 and 395.2) spectral data that correspond to those of Aer-865 [2] . As a result, 3.5 mg of Aer-865 was obtained at 95% purity, as determined by HPLC analysis (Figure 4c ). combined with GPC was found to be 5.6 fold higher than that previously reported using liquid-solid chromatography [2] . On a daily basis, 63.40 mg of Aer-865 can be obtained under the same operating conditions using CPC.
In conclusion, a CPC method combined with GPC was successfully applied for the separation of Aer-865 from the cultivated soil cyanobacterium. The simplicity and affordability of this purification method and the easy availability of the raw material form the basis of a large-scale separation method of Aer-865 of high purity and yield. The results demonstrated that CPC is a fast and efficient technique for the systematic isolation of bioactive compounds from cyanobacterial biomass.
Experimental
Chemicals: All organic solvents used in the CPC experiments were of HPLC grade and purchased from Scharlab S.L. (Barcelona, Spain) and Analytika (Prague, Czech Republic). Organic solvents used for extraction and HPLC analyses were obtained from Analytika (Prague, Czech Republic). Solutions were prepared using reverse-osmosis deionized water (Ultrapur, Watrex, Prague, Czech Republic).
Culture growth conditions:
The cyanobacterium Nostoc sp. strain Lukešová 30/93 was isolated from the forest soil in the Krušné mountains. The cyanobacteria were cultivated in 350 mL glass tubes on liquid Allen Aron medium and bubbled with 2% CO 2enriched air at a constant temperature of 28°C, under 50 Wm -2 continuous illumination. After 5-7 days of cultivation, the culture was harvested by centrifugation at 4500 rpm in 10 min, frozen at -70˚C and lyophilized. In order to obtain a sufficient amount of biomass, a mass cultivation in 100 L glass panel under the same conditions was performed.
Preparation of the crude extract and sample solution:
Freeze-dried biomass of Nostoc sp. str. Lukešová 30/93 (ca. 4 g) was homogenized with sea-sand and then extracted with 50% methanol (500 mL). The suspension obtained was separated from the solid material by centrifugation (5,000 rpm, 10 min). The extraction procedure was repeated 3 times with a same amount of methanol (500 mL). The resulting hydromethanolic extracts were combined, and methanol was evaporated under reduced pressure at 40°C. The obtained aqueous extract was lyophilized yielding 280 mg of dried extract, which was stored in the refrigerator for subsequent HPLC-DAD-HRESI-MS analysis and CPC separation of Aer-865.
CPC apparatus:
The separation by centrifugal partition chromatography (CPC) was performed on a preparative apparatus of model Armen TMB-250 (Armen Instrument, Saint-Avé, France), consisting of 2 hydrostatic centrifugal partition columns connected in series. Each column has a volume of 125 mL and contains 10 disks with 93 twin cells per disk. The revolution speed was adjusted with a controller to 1,700 rpm. Fractions were collected by a LS-5600 collector (Armen Instrument, Saint-Avé, France). A two gradient pumps model AP-MOD 50 mL/min (Armen Instrument, Saint-Avé, France) was used to fill the CPC columns with the stationary phase and pump the mobile phase. The effluent was continuously monitored by an ECOM DAD600 2WL 200-600 nm (ECOM spol. s.r.o., Prague, Czech Republic) operating at 225 nm. The reservoir with the mobile phase was placed in an Ecoline Staredition E 140 water bath (Lauda, Baden-Württemberg, Germany) and adjusted to 25°C during the experiment. AGC software (Armen Instrument, Saint-Avé, France) was used to control the CPC unit and record the chromatogram.
Prediction of solvent capacity:
The solubility of Aer-865 in nhexane, ethyl acetate, n-butanol, methanol, water, acetic acid and chloroform (solvents from Oka biphasic solvent systems family) was evaluated by the solvent capacity (C i ) [11] . The solvent capacity is defined as a reciprocal value of the activity coefficient of solute i infinitely diluted in a solvent (γ ᵢ ∞):
Cᵢ solvent 1 γᵢ∞
The solvent capacity is only a qualitative measure of the solubility. That is, the higher the solute solubility in a given solvent, the higher the solvent capacity. The γᵢ∞ value was predicted with the conductor-like screening model for real solvents (COSMO-RS).
The model combines a quantum mechanical treatment of solutes and solvents and methods of statistical thermodynamics for the description of the molecular surface interactions. In the first step, the molecular structure of the solute Aer-865 and the studied solvents was generated in Hyperchem (Release 7.514, Hypercube Inc., USA) and the MM+ force field was used to perform conformational analysis. The quantum mechanics geometry calculations were performed with TURBOMOLE (Version 6.3, COSMOlogic, Germany). The activity coefficient at infinite dilution was calculated with COSMOtherX (Version C30 Release 13.01, COSMOlogic, Germany). More details about the calculation procedure are available in literature [11] . 25-30 min, 0%-70% B, at a flow rate of 0.6 mL/min. The operating parameters of the mass spectrometer were as follows: the spray needle voltage was set at 3.5 kV, nitrogen was used both as nebulizing gas (2 bar) and drying gas (8 L/min), and the drying temperature was 200°C. The scanning range was 50-2,000 m/z and the scanning rate 1 Hz operating in the positive ion mode. The DAD detector was set at 225 nm to record the peaks, and the UV-Vis spectra were recorded from 200 to 650 nm. The obtained base peak chromatogram was evaluated for the presence of the protonated molecular ion [M+H] + at m/z 865 corresponding to Aer-865. The chemical identity of the isolated compound was confirmed by comparing its spectroscopic data (UV, HRESI-MS, HRESI-MS/MS) with those of the authentic standard and data available in the literature [2] .
HPLC-DAD-HRESI-MS/MS:

Selection of the two-phase solvent systems for CPC:
Eight different solvent systems composed of n-hexane, ethyl acetate, nbutanol, methanol, water and acetic acid were prepared using solvent volume ratios reported in [10] (see Table 1 ). The partition coefficient (K) of Aer-865 in each of the biphasic systems listed in Table 1 was determined according to the following procedure: 2 mg of the crude extract was dissolved in 1 mL of each phase of the preequilibrated two-phase solvent system. The samples were shaken vigorously and allowed to stand for 15 min. The two phases were separated and analyzed by HPLC-HRESI-MS. As systems 1-7 formed emulsions in the test tubes, centrifugation was required for the 2 phases to form clear layers with a clear interface. The K values of Aer-865 were calculated as the ratio of the peak areas from the protonated molecular ion (m/z 865) corresponding to
